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(57) ABSTRACT

The present invention relates to a liquad crystal display panel,
including an array substrate and a color filter substrate
bonded together. The color filter substrate 1s provided with
primary photo spacers, and the top end of the primary photo
spacers are provided at the sub-pixel of the array substrate,
and one or more sub-pixels corresponds to one primary photo
spacer, the primary photo spacers are grouped 1nto at least two
sets, the primary photo spacers in each set have a same pre-
scribed location and a same top end shape. The primary photo
spacers 1n the diflerent set have different prescribed locations
or different top end shapes. In the liquid crystal display panel
of the mnvention, since the different primary photo spacers are
provided at the different locations, therefore, 1f the alignment
deviation occurs when the array substrate and the color filter
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1
LIQUID CRYSTAL PANEL

FIELD OF THE INVENTION

The present invention relates to a liquid crystal display. In
particular, the invention relates to a structure of photo spacers
tor the liquad crystal display.

BACKGROUND OF THE INVENTION

The liquid crystal display 1s mainly composed of polariza-
tion plates, an array substrate, a color filter substrate, a liquid
crystal layer and the like. The array substrate and the color
filter substrate are bonded together to form a liquid crystal cell
structure, in which the liquid crystal layer 1s filled. The polar-
ization plates are adhered to the back surface of the array
substrate and the color filter substrate, respectively. The
thickness of the liquid crystal layer, also referred as a cell
thickness, may have a great influence on the light adjustment
of the liguid crystal. Consequently, during the manufacturing
of the liqud crystal display, 1t 1s important to ensure the
uniformity of the cell thickness for realizing a high quality
liquad crystal display.

In order to ensure the uniformity of the cell thickness, a
method of providing a spacer 1s typically employed 1n the
prior art. Currently, the spacer can be classified into two
categories of ball spacer (BS) and photo spacer depending on
its shape.

The ball spacers are typically distributed on the array sub-
strate or the color filter substrate by a spraying method. After
the panel 1s completed, the relative umiform cell thickness 1s
realized depending on the uniformity of the size of the ball
spacers. However, since the distributing process of the ball
spacers 1s highly random, 1t 1s difficult to control the unifor-
mity of the density; 1n turn 1t 1s difficult to achieve a desired
level for the umiformity of the cell thickness, and the adverse
elfects such as the light scattering will occur.

In order to overcome the shortcomings of the ball spacers,
a photo spacer process 1s employed 1n the prior art instead.
The photo spacers are formed by a lithography process on the
color filter substrate during manufacturing the color filter
substrate and the positions of the photo spacers on the color
filter substrate can be accurately controlled, so as to increase
the uniformity of the cell thickness and improve contrast.

In the current design of the photo spacers, a structure of
combination of primary photo spacers and secondary photo

spacers 1s typically employed. The primary photo spacers are
used as the main part for maintaining the uniformity of the
cell thickness, and are positioned at higher elevation on the
surface of the array substrate, e¢.g., on the thin film transistors
(TF'T) ofthe array substrate. During manufacturing the panel,
the primary spacers are subjected to a large deformation, and
play an important role 1n maintaining the uniformity of the
cell thickness. In contrast, the secondary photo spacers are
typically positioned at lower elevation on the surface of the
array substrate, e.g., on the gate lines. During manufacturing
the panel, the secondary photo spacers are subjected to a
small deformation, 1f not at all, therefore, the secondary photo
spacers have a minor effect on maintaiming the uniformity of
the cell thickness. The secondary photo spacers are mainly
used to prevent excessive stress applied on the primary photo
spacers due to the small supporting area of the primary photo
spacers when the liquid crystal display 1s under a relatively
large external force, so as to avoid occurrence of the unrecov-
erable change of the cell thickness or damage of the structure
the photo spacers.
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FIG. 1 1s a schematic view of the channel location 1n the
array substrate in the prior art. The reference “A” shows the
position of the channel. FIG. 2 1s a schematic view showing
the primary and secondary photo spacers 1n the photo spacer
design 1n the prior art. The reference “1” designates the pri-
mary photo spacer and the reference “2” designates the sec-
ondary photo spacer. As for the design for the photo spacer 1n
the prior art, a sub-pixel 1s typically adopted as a reference,
and the primary photo spacers are positioned at a specific
location relative to the sub-pixel. Since the TFT has a higher
clevation with a relatively large area in the sub-pixel, and
becomes one of the major location for placing the primary
photo spacers. However, the surface of the TFT 1s not flat due
the presence of the channels. Although the specific location of
the photo spacer in the sub-pixel 1s selected, the alignment
accuracies for the different sub-pixels are different, so that the
actual contact area between the primary photo spacers and the
TFT will vary when the contact position between them are
different. Therefore, the deviation of the alignment accuracy
between the color filter substrate and the array substrate 1in the
panel will lead to a difference in the support force by the
primary photo spacers.

Under the current manufacturing condition for the liquid
display panel, the assemble accuracy between the color filter
substrate and the array substrate 1s typically in an order of
several microns, 1.e., an 1nevitable deviation of several
microns may present for relative position between the array
substrate and the color filter substrate assembled together.
Therefore, after the array substrate and the color filter sub-
strate are assembled, the actual position of the primary photo
spacers relative to the array substrate will also deviate from
the predetermined specific location unavoidably. Under the
condition of the ahgnment deviation for several microns, the
area in which the primary photo spacers overlap with the TFT
channel will vary, so that the variation 1n the actual deforma-
tion amounts for the primary photo spacers will occur and the
uniformity of the cell thickness will be decreased.

In addition, the width of the TF'T channel may be 3-6 um,
and the size of the photo spacer may be about 6-17 um. In the
case of one drop filling (ODF) process 1s employed, 1n order
to ensure the allowable deviation of the liquid crystal drop
amount, the support area of the primary photo spacer 1s typi-
cally required to be as small as possible, and the size of the
primary photo spacer 1s required to be as small as possible.
However, due to the presence of the above problems, when
the size of the primary photo spacer 1s reduced, the influence
on variation of the support force by the primary photo spacer
with the alignment deviation will become greater. FIGS. 3, 4
and 3 shows distribution views of the support area on the TET
under the following conditions 1n the prior art: the diameters
of the primary photo spacers are 12 um, 10 um and 9 um, all
of the primary photo spacers are at the same prescribed loca-
tion, and the alignment accuracy of the primary photo spacers
1s S um. In FIGS. 3, 4 and 5, the horizontal ordinate and the
vertical ordinate show the ranges of alignment accuracy for
the array substrate and the color filter substrate (unit: um),
respectively, with the different colors showing the actual sup-
port areas for the different primary photo spacers (an average
value of 1 1s defined for the support area of the primary photo
spacer 1 within an alignment accuracy of 5 um).

On one hand, for the ODF process, the design of the pri-
mary photo spacer 1s directed to have smaller size and lower
density, so as to ensure a large allowable deviation of the
liquid crystal drop amount and increase the yield of the panel;
on the other hand, with the limitation of the current process,
when the primary photo spacer 1s provided on the TFT,
although all of the primary photo spacers are designed to have




US 7,894,024 B2

3

the same prescribed specific location within the sub-pixels,
the actual positions of the primary photo spacers within the
sub-pixel will be different due to the different alignment
deviations 1n the different positions inside the panel. There-
fore, the actual support force by the primary photo spacers at
the different positions 1nside the panel will be different with
the different alignment deviations due to the presence of the
TFT channel, and the smaller the size of the primary photo
spacer 1s, the larger difference of the actual support force will
be. Consequently, quality problems such as touch mura will
be more likely to occur.

SUMMARY OF THE INVENTION

In the present invention, there 1s provided a liquid crystal
display panel so that the uniformity of actual support force by
the primary photo spacers 1s increased within the range of the
alignment accuracy of the array substrate and the color filter
substrate while the size of the primary photo spacers 1s
reduced.

According to one embodiment of the present mvention,
there 1s provided a liquid crystal display panel. The hiquid
crystal display panel can include an array substrate and a
color filter substrate, which are bonded together. The color
filter substrate 1s provided with primary photo spacers, and
the top end of the primary photo spacers are provided at the
sub-pixel of the array substrate. One or more sub-pixels cor-
respond to one primary photo spacer, the primary photo spac-
ers are grouped into at least two sets, the primary photo
spacers 1n each set have a same prescribed location and the
same top end shape; the primary photo spacers 1n the different
set have different prescribed locations or ditferent top end
shapes.

The primary photo spacers can be grouped into first and
second sets for the array substrate having thin film transistors
with a straight line type channel, for example. Each of the
primary photo spacers in the first set 1s at the upper side of the
thin film transistor channel of the corresponding sub-pixel;
and each of the primary photo spacers in the second set is at
the lower side of the thin film transistor channel of the corre-
sponding sub-pixel. In one row on the array substrate, the
primary photo spacers 1n the first set and the primary photo
spacers 1n the second set are provided at the sub-pixels of the
array substrate alternatively; and 1n one column on the array
substrate, the primary photo spacers 1n the first set and the
primary photo spacers in the second set are provided at the
sub-pixels of the array substrate alternatively.

The primary photo spacers can be grouped into third,
fourth and fifth set for the array substrate having thin film
transistors with a “U” type channel. The primary photo spac-
ers 1n the third set 1s at the left side of the thin film transistor
channel of the corresponding sub-pixel; each of the primary
photo spacers 1n the fourth set 1s at the middle of the thin film
transistor channel of the correspondmg sub-pixel; and each of
the primary photo spacers 1n the fifth set 1s at the right side of
the thin film transistor channel of the corresponding sub-
pixel. In one row on the array substrate, the primary photo
spacers 1n the third set, the primary photo spacers 1n the fourth
set and the primary photo spacers 1n the fifth set are arranged
at the sub-pixels of the array substrate 1n this order repeatedly;
and 1n one column on the array substrate, the primary photo
spacers in the third set, the primary photo spacers 1n the fourth
set and the primary photo spacers 1n the fifth set are arranged
at the sub-pixels of the array substrate in this order repeatedly.

In the at least two sets of primary photo spacers mentioned
above, the number of the primary photo spacers 1n the differ-
ent sets may be different.
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In the liquid crystal display panel of the invention, since the
different primary photo spacers are provided at the different
locations, therefore, 11 the alignment deviation occurs when
the array substrate and the color filter substrate are bonded
together, the alignment deviations of the primary photo spac-
ers at the different prescribed locations will be compensated
for each other, so as to ensure the minimum variation of the
overall contact area between the primary photo spacer and the
array substrate, therefore, the variation of the overall support
force by the primary photo spacers 1n the panel 1s minimized.
Furthermore, by optimizing the arrangement from of the pri-
mary photo spacers 1n each set in the panel, the uniformity of
the support force by the primary photo spacers in the panel
can be improved.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, 1t should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of the mvention will become apparent to
those skilled in the art from the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of 1llustra-
tion only, and thus are not limitative of the present invention
and wherein:

FIG. 1 1s a schematic view ol the position of a channel 1n an
array substrate in the prior art;

FIG. 2 1s a schematic view of a primary and a secondary
photo spacers in the design of the photo spacers 1n the prior
art;

FIG. 3 1s a distribution view of the support area on the TF'T
under the following conditions 1n the prior art: the diameters
of the primary photo spacers are 12 um, all of the primary
photo spacers are at the same prescribed location, and the
alignment accuracy of the primary photo spacers 1s 5 um;

FIG. 4 1s a distribution view of the support area on the TF'T
under the following conditions 1n the prior art: the diameters
of the primary photo spacers are 10 um, all of the primary
photo spacers are at the same prescribed location, and the
alignment accuracy of the primary photo spacers 1s 5 um;

FIG. 5 1s a distribution view of the support area on the TF'T
under the following conditions 1n the prior art: the diameters
of the primary photo spacers are 9 um, all of the primary photo
spacers are at the same prescribed location, and the alignment
accuracy of the primary photo spacers 1s 5 um;

FIG. 6A 1s a schematic view showing the prescribed loca-
tions of a first primary photo spacer on the sub-pixel 1n the
liquid crystal display of the first embodiment according to the
invention;

FIG. 6B 1s a schematic view showing the prescribed loca-
tions of a second primary photo spacer on the sub-pixel in the
liquid crystal display of the first embodiment according to the
imnvention;

FIG. 7 1s a schematic arrangement of the first and second
primary photo spacers on the panel in the first embodiment
according to the invention;

FIG. 8 1s a distribution view of the actual support spacer in
different alignment accuracy 1n the liquid crystal panel in the
prior art and the first embodiment of the invention;
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FIG. 9A 15 a schematic view for the prescribed locations in
the sub-pixels for the third primary photo spacer 1n the liquid
crystal display panel of the second embodiment;

FIG. 9B 1s a schematic view for the prescribed locations in

6

DESCRIPTION OF THE PR.
EMBODIMENTS

L]
Y

ERRED

The embodiment provides a variety of liquid crystal dis-

the sub-pixels for the fourth primary photo spacer in the liquid > play panels, and the liquid crystal display panel includes an

crystal display panel of the second embodiment;

FI1G. 9C 1s a schematic view for the prescribed locations in
the sub-pixels for the fifth primary photo spacer 1n the liquid
crystal display panel of the second embodiment;

FIG. 10 1s a schematic view showing the location of the
primary photo spacer relative to the TF'T 1n the liquid crystal
display panel of the second embodiment according to the
invention;

FIG. 11 1s a schematic arrangement view of the third,
fourth, and fifth photo spacers in the liquid crystal display
panel of the second embodiment according to the invention;

FI1G. 12 A 1s a distribution view of the actual support area of
the primary photo spacers under the different alignment accu-
racy with the single-location design 1n the liquid crystal dis-
play panel 1in the prior art corresponding to the second
embodiment of the invention;

FI1G. 12B 1s a distribution view of the actual support area of
the primary photo spacers under the different alignment accu-
racy with the two-location design 1n the liquid crystal display
panel corresponding to the second embodiment of the inven-

tion;
FI1G. 12C 1s a distribution view of the actual support area of
the primary photo spacers under the different alignment accu-

racy with the two-location design 1n the liquid crystal display
panel of the second embodiment according to the invention;

FIG. 12D 1s a comparative view ol the uniformity of the
support of the primary photo spacers 1n the three examples 1n

FIGS. 12A, 12B and 12C;

FIG. 13 1s a comparative view of the uniformity of the cell
thickness for the liquid crystal display panel with the single
prescribed location for the primary photo spacers in the prior
art and the liquid crystal display panel of the second embodi-
ment;

FIG. 14A 1s a schematic relationship view between the
liquad crystal drop amount and the possibility of occurrence
of the touch mura, the gravity mura and the low-temperature
mura 1n the liquid crystal display panel with the single pre-
scribed location for the primary photo spacers in the prior art;

FIG. 14B 1s a schematic relationship view between the
liquid crystal drop amount and the possibility of occurrence
of the touch mura, the gravity mura and the low-temperature
mura in the liquid crystal display panel with the three pre-
scribed locations for the primary photo spacers in the second
embodiment of the invention;

FIG. 15 1s an arrangement view of the third, fourth and fifth
primary photo spacers on the panel 1n the liquid crystal dis-
play panel of the third embodiment according to the inven-
tion.

FIG. 16 A 1s a schematic view for the prescribed location on
the sub-pixel for the sixth primary photo spacer in the liquid
crystal display panel of the fourth embodiment of the mven-
tion.

FI1G. 16B 1s a schematic view for the prescribed location on
the sub-pixel for the seventh photo spacer in liquid crystal
display panel of the fourth embodiment of the invention.

FI1G. 17 1s a schematic arrangement view of the sixth pri-
mary photo spacer and the seventh photo spacer on the panel
in the liquad crystal display panel of the fourth embodiment
according to the mvention.
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array substrate and a color filter substrate bonded together,
wherein, primary photo spacers are provided on the color
filter substrate, and the top end of the primary photo spacer 1s
disposed at the sub-pixel of the array substrate; one or more
sub-pixels corresponds to a primary photo spacer; all of the
primary photo spacers are grouped into at least two sets of
primary photo spacers, the primary photo spacers 1n each set
have a same prescribed location or a same top end shape, but
the primary photo spacers in different sets have different
prescribed locations and different top end shapes, 1.e., the
primary photo spacers 1n the different sets may have different
prescribed locations or the different top end shapes. The
number of the primary photo spacers at the different pre-
scribed locations may also be different. The prescribed loca-
tion refers to the positions at which the primary photo spacer
on the color filter substrate 1s located 1n the sub-pixels 1n the
array substrate.

With the above structure, since the different primary photo
spacers are at the different prescribed locations, the influence
by the primary photo spacers 1n the different prescribed loca-
tions will compensate for each other within the range of the
process tolerance when the array substrate and the color filter
substrate are bonded, so as to keep the contact area between
the primary photo spacers and the array substrate unchanged,
therefore the effect for maintaining the uniformity of the cell
thickness by the primary photo spacers will be ensured, and
the uniformity of the cell thickness 1s improved, at the same
time, the occurrence of the local stress between the primary
photo spacer and the array substrate i the panel will
decrease, and the quality problems such as the touch mura
will be effectively decreased.

The above prescribed location for the primary photo spac-
ers 1s described hereinafter in connection with several
embodiments.

The First Embodiment

According to the embodiment, there 1s provided a 17-inch
SXGA panel. In the embodiment, the basic size of the sun-
pixel 1s 88 umx264 um. The TF'T channel employs a design of
straight line type, the width of which 1s 5 um. In order to
ensure an appropriate allowable deviation of the liquid crystal
drop amount, the density of the primary photo spacers is
typically 146-146, 1.€., there 1s one primary photo spacer for
every 9 to 36 sub-pixels, and the size of the primary photo
spacer 1s 6-15 um. Square photo spacers with a length of side
of 9 um and a density of 144 are selected to be used to ensure
a Tull allowable deviation for the liquid crystal drop amount.
The photo spacers are grouped 1nto two sets, 1.¢., a first set of
primary photo spacer and a second set of primary photo
spacer. Heremafter, the primary photo spacers 1n the first set
are referred as the first primary photo spacer 11, and the
primary photo spacers in the second set are referred as the
second primary photo spacer 12. The distribution of the sec-
ondary photo spacers 1s the same as that in the prior art.

FIGS. 6A and 6B are schematic views showing the pre-
scribed locations of the first primary photo spacer and the
second primary photo spacer on the sub-pixels in the liquid
crystal display of the first embodiment according to the inven-
tion. The first primary photo spacer 1s at the upper side of the
TFT channel A of the corresponding sub-pixel, and the center
of the first primary photo spacer 11 1s 4.5 um upper from the
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center of the TFT channel, 1.e., the lower side of the first
primary photo spacer 11 1s at the central position of the TF'T
channel. The second primary photo spacer 12 1s at the lower
side of the TFT channel of the corresponding sub-pixel, the
center of the second primary photo spacer 12 1s 4.5 lower
from the center of the TF'T channel, 1.¢., the upper side of the
second primary photo spacer 12 is at a central position of the
TFT channel.

With the above prescribed locations for the two primary
photo spacers relative to the channel A, the distribution den-
sities of both the first and second primary photo spacers 11
and 12 are Vas, 1.e., there 1s one first primary photo spacer 11
and one second primary photo spacer 12 for every 48 sub-
pixels. In one row on the array substrate, the first primary
photo spacer 11 and the second primary photo spacer 12 may
be provided alternatively at the sub-pixels on the array sub-
strate. In one column on the array substrate, the first primary
photo spacer 11 and the second primary photo spacer 12 may
be provided alternatively at the sub-pixels on the array sub-
strate. Specifically, FIG. 7 1s a schematic arrangement of the
first and second primary photo spacers on the panel 1n the first
embodiment according to the invention, in which one square
represents one sub-pixel 1n the panel, and the squares with
different shading formats represent the sub-pixels provided
with the first and second primary photo spacers. The first and
second primary photo spacers are provided repeatedly with a
sequence of “ABAB . ..” inthe horizontal direction, and with
a sequence ol “ABAB . ..” i the vertical direction. Therefore,
a mimimum distance between the first and second primary
photo spacers 11 and 12 is ensured, so as to ensure the uni-
formity of the support force by the primary photo spacers
inside the panel.

After the color filter substrate and the array substrate are
bonded together, the alignment deviation 1nside the panel are
typically within 6 um, however, the distance between the first
and second primary photo spacers 11 and 12 1n the configu-
ration shown in FIG. 7 1s very small, e.g., only about 1
millimeter, therefore, the neighboring first and second pri-
mary photo spacers 11 and 12 have almost the same align-
ment deviation. Therefore, the neighboring first and second
primary photo spacers 11 and 12 is 1in the range of the align-
ment deviation (6 um), the variation of the actual support area
due to the TFT channel will be compensated for each other,
which ensure the total support area for the first and second
primary photo spacers unchanged Therefore, the uniformity
of the support effect of the primary photo spacers inside the
panel may be ensured, which 1s good for the umiformity of the

cell thickness.

In order to describe the effect of the first embodiment
according to the invention, a reference structure of liquid
crystal panel 1s provided. In the reference structure of liqud
crystal panel, a design 1n the prior art 1s employed and the all
the primary photo spacers are provided at the same prescribed
locations 1n the corresponding sub-pixels, and the other struc-
ture of the panel 1s the same as that 1n the first embodiment. In
the reference structure of liquid crystal panel, the prescribed
location of the primary photo spacer 1s selected as the central
of the TFT channel. FIG. 8 shows a distribution view of the
actual support spacer in different alignment accuracy in the
liquid crystal panel in the prior art and the first embodiment of
the invention, in which the horizontal ordinate and the vertical
ordinate represent the alignment accuracy range for the array
substrate and the color {filter substrate, respectively, and the
unit 1s micron. It can be seen from the FIG. 8 that when the
design for the primary photo spacer in the prior art is
employed, within an alignment accuracy of 3 um, a deviation
more than 20% will be occur as for the actual support area of
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the primary photo spacers. Obviously, within the alignment
accuracy of 3 um, when the technical solution of two pre-
scribed locations in the embodiment 1s employed, the actual
support area of the primary photo spacers will maintain
unchanged by the mutual compensation effect.

The Second Embodiment

According to the second embodiment, there 1s provided
another 17-inch SXGA panel, in which the basic size of the
sub-pixel 1s 88 umx264 um. The TFT channel employs a
design of “U” type, and the width of the “U” type channel 1s
4.5 um. The primary photo spacers are circle 1n shape with a
diameter o1 9 um and a density of 24. In the embodiment, the
primary photo spacers are grouped into three sets, 1.¢., a third
set of primary photo spacers, a fourth set of primary photo
spacers and a fifth set of prlmary photo spacers. Hereinatter,
the prlmary photo spacers 1n the third set are referred as the
third primary photo spacer 13, the pnmary photo spacers in
the fourth set are referred as the fourth primary photo spacer
14, and the prlmary photo spacers 1n the {ifth set are referred
as the fifth primary photo spacer 15. The locations for the
secondary photo spacer 1s the same as those 1n the prior art.

FIGS. 9A, 9B and 9C show schematic views for the pre-
scribed locations 1n the sub-pixels for the third primary photo
spacer, the fourth primary photo spacer and the fifth primary
photo spacer, respectively, 1n liquid crystal display panel of
the second embodiment according to the mnvention. The third
primary photo spacer 13, the fourth primary photo spacer 14
and the fifth primary photo spacer 15 are at the leit side, the
right side and the lower side of the TFT channel of the sub-
pixel, respectively. In order to describe the prescribed specific
locations for the third, fourth and fifth primary photo spacers
13, 14 and 15, FIG. 10 can be referenced. FIG. 10 1s a sche-
matic view showing the location of the primary photo spacer
relative to the TF'T 1n the liquid crystal display panel of the
second embodiment according to the mvention, wherein, the
coordinate system 1s set up with the center of the TFT channel
as origin and the unit length of the coordinate system 1s 1 um.
The prescribed coordinate locations for the third, fourth, and
fifth photo spacers 13, 14, and 15 are (-2, 5), (2, 5) and (0, 1),
respectively.

In one row on the array substrate, the third primary photo
spacer 13 1n the third set, the fourth primary photo spacer 14
in the fourth set and the fifth primary photo spacer 15 1n the
fifth set can be provided 1n this order at the sub-pixels 1n the
array substrate repeatedly. In one column on the array sub-
strate, the third primary photo spacer 13 1n the third set, the
fourth primary photo spacer 14 in the fourth set and the fifth
primary photo spacer 15 in the fifth set can be provided in this
order at the sub-pixels 1n the array substrate repeatedly. Spe-
cifically, FIG. 11 1s the schematic arrangement view of the
third, fourth, and fifth photo spacers 1n the liquid crystal
display panel of the second embodiment according to the
invention, in which one square represents one sub-pixel in the
panel, and the squares with different shading formats repre-
sents the sub-pixels provided with the third, fourth, and fifth
photo spacers, respectively. The distribution density for each
kind of primary photo spacer 1s 72, 1.e., there 1s one third
primary photo spacer 13, one fourth primary photo spacer 14
and one fifth primary photo spacer 15 for every 72 sub-pixels.
In the horizontal direction of the panel, the third, fourth and
fifth photo spacers 13, 14 and 13 are repeated with a sequence
of “ABCABC . ... and with a sequence of “ABCABC ...
in the vertical direction of the panel.

In order to demonstrate the effect of the second embodi-
ment, two reference structures of liquid crystal panel are
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provided for the second embodiment of the invention. One of
the structures 1s substantially the same as the second embodi-
ment except that the prescribed locations for the primary
photo spacers 1n the panel structure of the embodiment of the
invention 1s changed to a single location as the prior art. For
example, the selected prescribed location 1s (0, 0). In another
structure, two locations for the prescribed locations of the
primary photo spacers in the panel structure in the second
embodiment of the invention are selected, and the selected
prescribed locations are (-5, 3) and (5, 3), respectively.

FI1G. 12 A 1s a distribution view of the actual support area of
the primary photo spacers under the different alignment accu-
racy with the single-location design 1n the liquid crystal dis-
play panel in the prior art and the second embodiment of the
invention. FIG. 12B 1s a distribution view of the actual sup-
port area of the primary photo spacers under the different
alignment accuracy with the two-location design 1n the liquid
crystal display panel according to the second embodiment of
the invention. FIG. 12C 1s a distribution view of the actual
support area of the primary photo spacers under the different
alignment accuracy with the two-location design 1n the liquid
crystal display panel of the second embodiment according to
the invention. FIG. 12D 1s a comparative view of the unifor-
mity of the support of the primary photo spacers 1n the three
examples 1n FIGS. 12A, 12B and 12C.

It can be seen from FIGS. 12A, 12B, 12C and 12D that
when the prescribed locations are increased from one to three,
the uniformity of the support of the primary photo spacers
under different alignment accuracy 1s efficiently improved,
and the fluctuation ratio (the ration between the variance and
the average value) 1s decreased from 29.4% to 4.5%.

In order to further demonstrate the effect of the second
embodiment, the liquid crystal display panel with the single
prescribed location for the primary photo spacers in the prior
art and the panel of the second embodiment are respectively
examined with the umiformity test of the cell thickness, the
touch mura test and the allowable deviation test of the liquid
crystal drop amount. FIG. 13 1s a comparative view of the
uniformity of the cell thickness for the liquid crystal display
panel with the single prescribed location for the primary
photo spacers in the prior art and the liquid crystal display
panel of the second embodiment. It can be seen from FIG. 13
that after the design of the three prescribed locations for the
primary photo spacers 1s employed, the uniformity of the cell
thickness 1s obviously improved and the range of the devia-
tion of the cell thickness 1s reduced from 0.2 um to 0.1 um,
and the uniformity of the cell thickness can be maintained
with a wide range of the liquid crystal drop amount. FIG. 14A
1s a schematic relationship view between the liquid crystal
drop amount and the possibility of occurrence of the touch
mura, the gravity mura and the low-temperature mura 1n the
liquad crystal display panel with the single prescribed loca-
tions for the primary photo spacers in the prior art. FIG. 14B
1s a schematic relationship view between the liquid crystal
drop amount and the possibility of occurrence of the touch
mura, the gravity mura and the low-temperature mura in the
liquad crystal display panel with the three prescribed loca-
tions for the primary photo spacers 1n the second embodiment
ol the invention. It can be seen from FIGS. 14 A and 14B that
when the primary photo spacers employ the single prescribed
location, the allowable deviation of the liquid crystal drop 1s
lower than 1.5%, 1.e., only when the liquid crystal drop
amount 1s within an accuracy of 1.5% (the liquid crystal
amount between 3% and 4.5%), the produced panel can be
free of the problems of the gravity mura, the low-temperature
mura, and the possibility of occurrence of the touch mura 1s in
an allowable range (below 50%). However, as for the design
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of three prescribed locations for the primary photo spacer 1n
the second embodiment of the invention, the allowable devia-
tion of the liguid crystal drop amount 1s more than 5%, 1.¢.,
when the liquid crystal drop accuracy 1s 1n a range of —=2% to
+3%, the produced panel can be ensured to be free of the
problems such as the gravity mura and the low-temperature
mura, and at the same time, the possibility of occurrence of
the touch mura 1s further decreased (50%-20%).

By increasing the prescribed location for the primary photo
spacers Irom one to three, the uniformity of the cell thickness
1s substantially increased, and the allowable deviation of the
liquid crystal drop amount 1s substantially increased, and at
the same time, the phenomenon of the touch mura 1s greatly
improved.

The Third Embodiment

According to the third embodiment, there 1s provided
another structure of the liquid crystal display panel same as
the second embodiment, except that the arrangement for the
three kinds of primary photo spacers on the array substrate 1s
different. In one row on the array substrate, one of the third
primary photo spacer 13 in the third set, the fourth primary
photo spacer 14 1n the fourth set and the fifth primary photo
spacer 15 1n the fifth set 1s provided at the sub-pixels in the
array substrate. In one column on the array substrate, the third
primary photo spacer 13 in the third set, the fourth primary
photo spacer 14 1n the fourth set and the fifth primary photo
spacer 135 are provided at the sub-pixels 1n the array substrate
repeatedly. Specifically, FIG. 15 1s a arrangement view of the
third, fourth and fifth primary photo spacers on the panel in
the liquid crystal display panel of the third embodiment
according to the invention, 1n which, the three kinds of pri-
mary photo spacers are repeated in a sequence of “ABCA
BC . .. 7 1n the vertical direction, but they employ a single
arrangement sequence of “AAA ... 7, “BBB . . . ” or
“CCC... 7" mstead of the repeating arrangement sequence 1n
the hornizontal direction. Such an arrangement form can
reduce amount of data during the mask design efliciently to 24
of that of the second embodiment, while the uniformity of the
support of the primary photo spacer can be maintained, simi-
lar to that of the second embodiment.

The Fourth Embodiment

The embodiment of the invention provides another struc-
ture for the liquid crystal display panel. The basic structure of
the liquid crystal display panel 1s different from that of the
second embodiment in that the arrangement of the primary
photo spacer 1s different. The primary photo spacers are
grouped 1nto two sets 1n the fourth embodiment. The first set
1s at the upper side of the TFT channel with a rectangular
shape of 7 umx15 um, the primary photo spacers in the first
set will be referred as the sixth primary photo spacer 16. The
second set 1s at the lower side of the TF'T channel with a circle
structure with a diameter of 8 um, the primary photo spacers
in the second set are referred as the seventh primary photo
spacer 17. FIGS. 16 A and 16B are the schematic view for the
prescribed locations on the sub-pixels for the sixth primary
photo spacer and the seventh photo spacer 1n liqud crystal
display panel of the fourth embodiment of the invention.

FIG. 17 1s a schematic arrangement view of the sixth pri-
mary photo spacers and the seventh photo spacers on the
panel 1n the liquid crystal display panel of the fourth embodi-
ment according to the invention, in which, one square repre-
sents on sub-pixel in the panel, and the square with the dif-
terent shading formats represent the sub-pixels for the sixth
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primary photo spacer and the seventh photo spacer, respec-
tively. These two kinds of primary photo spacers have ditler-
ent densities, the distribution density of the sixth primary
photo spacer 16 1s /42, 1.e., there 1s one sixth primary photo

spacer 16 for every 72 sub-pixels; the distribution density of 5

the seventh primary photo spacer 17 1s 42, 1.¢., there are two
seventh primary photo spacers 17 for every 72 sub-pixels.

The primary photo spacers in the example 1s grouped 1nto
two sets, by the different end shape, the different density, and
the different prescribed locations for the different primary
photo spacers, and arranging them according to the structure
of FIG. 17, the umiformity of the support area of the primary
photo spacers can be efficiently improved.

In each of the embodiments provided in the mvention, the
different primary photo spacers 1s provided at the different
locations, therefore, 11 the alignment deviation occurs when
the array substrate and the color filter substrate are bonded
together, the influence on the primary photo spacers at the
different prescribed locations will be compensated for each
other, so as to ensure the minimum variation of the overall
contact area between the primary photo spacer and the array
substrate, therefore, the variation of the overall support force
by the primary photo spacers in the panel 1s minimized. At the
same time, by optimizing the shape of the primary photo
spacers 1n each set, and the arrangement form and the distri-
bution density of the primary photo spacers in the panel, the
overall uniformity can be confined to the local region of the
panel, so as to improve the uniformity of the support force by
the primary photo spacers inside the panel.

The invention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
those skilled 1n the art are intended to be included within the
scope of the following claims.

What 1s claimed 1s:
1. A liqud crystal display panel, including;:
an array substrate and a color filter substrate bonded
together;
wherein the color filter substrate 1s provided with primary
photo spacers, and the top end of each of the primary
photo spacers 1s provided at a sub-pixel of the array
substrate,
the primary photo spacers are grouped into at least two sets,
the primary photo spacers in each set have a same pre-
scribed location and a same top end shape; the primary
photo spacers in the different sets have different pre-
scribed locations or different top end shapes.
2. The liguid crystal display panel of claim 1, further com-
prising;:
secondary photo spacers provided on the color filter sub-
strate, the top ends of the secondary photo spacers are
provided at the positions with an elevation lower than
that of the primary photo spacers on the array substrate.
3. The liquid crystal display panel of claim 1, wherein:

the primary photo spacers are group 1nto first and second
sets for an array substrate having thin film transistors
with a straight line type channel.

4. The liquid crystal display panel of claim 3, wherein

cach of the primary photo spacers 1n the first set 1s at the
upper side of the thin film transistor channel of the
corresponding sub-pixel;

10

15

20

25

30

35

40

45

50

55

60

12

cach of the primary photo spacers in the second set 1s at the
lower side of the thin film transistor channel of the
corresponding sub-pixel.

5. The liquid crystal display panel of claim 4, wherein

in one row on the array substrate, the primary photo spacers
in the first set and the primary photo spacers in the
second set are provided at the sub-pixels of the array
substrate alternatively;

in one column on the array substrate, the primary photo
spacers 1n the first set and the primary photo spacers in
the second set are provided at the sub-pixels of the array
substrate alternatively.

6. The liguid crystal display panel of claim 1, wherein

the primary photo spacers are group 1nto a third, fourth and
fifth set for the array substrate having thin film transis-
tors with a “U” type channel.

7. The liquid crystal display panel of claim 6, wherein

cach of the primary photo spacers 1n the third set 1s at the
lett side of the thin film transistor channel of the corre-
sponding sub-pixel;

cach of the primary photo spacers 1n the fourth set 1s at the
middle of the thin film transistor channel of the corre-
sponding sub-pixel;

cach of the primary photo spacers in the fifth set 1s at the
right side of the thin film transistor channel of the cor-
responding sub-pixel.

8. The liquid crystal display panel of claim 7, wherein

in one row on the array substrate, the primary photo spacers
in the third set, the primary photo spacers 1n the fourth
set and the primary photo spacers in the fifth set are
provided at the sub-pixels of the array substrate 1n this
order repeatedly;

in one column on the array substrate, the primary photo
spacers 1n the third set, the primary photo spacers 1n the
fourth set and the primary photo spacers in the fifth set
are provided at the sub-pixels of the array substrate 1n
this order repeatedly.

9. The liquid crystal display panel of claim 7, wherein

in one row on the array substrate, one of the primary photo
spacers 1n the third set, the primary photo spacers 1n the
fourth set and the primary photo spacers 1n the fifth set
are provided at the sub-pixels of the array substrate;

in one column on the array substrate, the primary photo
spacers 1n the third set, the primary photo spacers 1n the
fourth set and the primary photo spacers in the fifth set
are provided at the sub-pixels of the array substrate 1n
this order repeatedly.

10. The liguid crystal display panel of claim 1, wherein

the numbers of the primary photo spacers in the different
sets are different.

11. The liguid crystal display panel of claim 2, wherein

the numbers of the primary photo spacers in the different
sets are different.

12. The liquid crystal display panel of claim 5, wherein

the numbers of the primary photo spacers in the different
sets are different.

13. The liquid crystal display panel of claim 8, wherein

the numbers of the primary photo spacers in the different
sets are different.

14. The liguid crystal display panel of claim 9, wherein

the numbers of the primary photo spacers in the different
sets are different.
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